The cytotoxicity and genotoxicity of aqueous leaf extracts of
INTRODUCTION
Azadirachta indica belongs to the family Meliaceae. The common names are neem, Nimm, Margosa tree, Holy tree, Indian lilac tree among others. In Nigeria, it is known as "Ogwu-akom", "Dogo yaro", or "Darbeji ja", and "Aforooyinbo", by the Igbos, Hausas and Yorubas, respectively (Iwu, 1993) . It is a native to India, where it is considered to be the "village pharmacy" (Gbotolorun et al., 2008) but has now been naturalized in Africa, especially in West and Central Africa where is widely cultivated as an ornamental plant (Iwu, 1993) . The plant is widely used for the treatment of malaria. A decoction of the leaves or of leaves and stem-bark is used in the treatment of fever by water therapy or inhalation (Sofowora, 1982; Adegbite et al., 2009 ). Iwu (1993) observed that it is such a malaria remedy that it is uncommon to see an intact tree near *Corresponding author. E-mail: ifeoma.akaneme@gmail.com. Tel: +2348036698201.
homes without scars of human disturbance. The World Health organization (2003) according to Amadi et al. (2011) reported that the first line of treatment for 60% of Nigerian children with malaria associated fever is the use of herbal medicines at home. The later authors also noted that the use of herbs in adults may even be higher with the high growth of herbal market and its great commercial benefit.
Neem has been used in many countries as an insecticide, insect repellent, oral dentifrice, and in traditional medicine to treat malaria, diabetes, worms, and cardiovascular and skin diseases (www.health-careclinic.org, 2009 ). According to the National Academy of Sciences Washington DC (2009), neem products are not outright insect killers, instead, they alter an insect"s behavior or life processes in such a way that it can no longer feed, breed or metamorphose and can therefore cause no further damage. One outstanding neem component, azadirachtin, according to the Academy is believed to disrupt the metamorphosis of insect larvae. It keeps the larvae from developing into pupae and they die without producing a new generation. The commission also reported that more than 200 insect species have been shown to be influenced in several other ways by neem products. In Germany and India, neem has been reported to be incorporated as the active ingredient in certain popular toothpastes.
Meanwhile, Amadi et al. (2011) observed that in Nigeria and many other developing countries, herbal preparations are sold over the counter in general stores and not in pharmaceutical stores. Srivastava et al. (2005) had earlier observed that the indiscriminate use of such preparations might adversely affect fertility/reproductive health when used over a long time or when used in high doses for the treatment of other human diseases. People generally consider herbal medicines to be safe because they are "natural" in spite of the fact that there is dearth of information on the precise nature of constituents and on the likely side effects (Tyler, 1999; Srivastava et al., 2005; Amadi et al., 2011) . Birdi et al. (2010) also stated that "toxicological evaluation of medicinal plants has often been neglected since prolonged and apparently uneventful use is usually considered as a testimony of its safety". However, recently, concerns over the safety of herbal medicines have arisen in many countries. Many authors have in fact reported on the potential genotoxicity and mutagenicity of some medicinal herbs (Soliman, 2001; Konan et al., 2007; Sowemimo et al., 2007; Saleh et al., 2009) .
Moreover, Shaikh et al. (1993) ; Aladakatti and Ahmed (2005) noted that the leaves of A. indica possess emmanagogue, antiimplantational, spermicidal, antifertility and antispermatic activities. Khan and Awasthy (2003) reported that leaf extract of neem (A. indica) induced structural and numerical changes in the spermatocyte chromosomes as well as synaptic disturbances in murine germ cells at their first metaphase. They also observed a significant increase in the frequency of sperms with abnormal head morphology and a decrease in mean sperm count. The National Academy of Sciences Washington D.C. (2009) wrote that the neem seed oil is a strong spermicide and that when used intravaginally proved effective in reducing the birth rate in laboratory animals. The oil has also been reported to be toxic in large doses in human infants (www.health-careclinic.org). Thirteen infants who received 5 to 30 ml of the oil were reported to have been severely poisoned. Symptoms of the toxicity included metabolic acidosis, drowsiness, seizures, loss of consciousness, coma and death in two infants. The infants exhibited Reye"s syndrome-like symptoms, with death from hepatoencephalopathy.
Rosencrantz and Klopman (1995) analyzed the structure of Azadirachtin, the main active ingredient of neem and discovered that it has the potential for acting Akaneme and Amaefule 3899 as a genotoxic carcinogen. Furthermore, they noted that since genotoxic carcinogens are regarded as presenting a potential carcinogenic risk to humans, they suggested that the possible metabolism of azadirachtin to DNAreactive products be evaluated experimentally. Oyedare et al. (2009) were of the opinion that it is very necessary to evaluate the potential cytotoxic and genotoxic effects of herb extracts that are being used in Nigeria to obtain information for standardization and to understand the mechanism and broad range of action of these herbs. In addition, Birdi et al. (2011) strongly advocated for the toxicological evaluation of medicinal plants both on short and long term since Ernst (1998) noted that traditional medical practitioners cannot detect or monitor delayed effects (for example, mutagenicity), rare adverse effects and adverse effects arising from long-term use such as for food supplements and nutraceuticals. Remirez (2006) also suggested that toxicological studies should include tests such as acute, subchronic and special toxicology that are impossible to detect clinically such as immunotoxicity, genotoxicity, carcinogenicity and reproductive toxicity.
The Allium cepa root meristem assay is considered widely as a practical reliable system for the screening of environmental mutagens and carcinogens (Fiskesjo, 1985; Fiskesjo and Levan, 1993) . Thus in this study, bulbs of A. cepa were used to assess the cytotoxicity and genotoxicity of aqueous leaf extract of A. indica.
MATERIALS AND METHODS
Fresh leaves of A. indica were collected from the botanical garden of the University of Nigeria, Nsukka. They were dried at room temperature and reduced into powder using a grinder. Two hundred grams of the powdered leaves was extracted by macerating in 1.5 L of water for 24 h. Following filtration with the aid of Whatman filter paper, perforation funnel and suction pump, the filtrate was evaporated to dryness under reduced pressure. A residue of 1 g was obtained and was used to prepare the stock solution. The extract was reconstituted in distilled water in appropriate concentration before administration. The one gram of the leaf aqueous extract was added to 100 ml of distilled water to serve as the stock. The dilution of the 100 ml stock to its lower concentration required for treatments, were made by pipetting the required milliliters of the stock solution into a beaker and making it up to 100 ml with distilled water. For example, for 10% concentration, 10 ml of the stock was added to 90 ml of distilled water, while for 15 and 20% concentrations, 15 and 20 ml of the stock were added to 85 and 80 ml of distilled water, respectively.
Fresh bulbs of Allium cepa were purchased from Nsukka main market. They were grown in sawdust for about 6 days to ensure proper root formation. On the 6 th day, the bulbs were harvested and washed thrice in tap water. Subsequently, they were transferred into beakers containing tap water and left to stand for 24 h. The bulbs of A. cepa were transferred from the beakers containing tap water to those containing the different concentrations of the extracts. One of the bulbs was left in the tap water to serve as the control. The durations of treatment ranged from 7.00 am -11.00 am (4 h), 7.00 am -3.00 pm (8 h) and 7.00 am -7.00 am (24 h). At the A total of 1,500 cells were examined for each treatment combination. DCA, Dividing cells with abnormalities, ns: not significant, ***significant at 0.1% level of probability; DF, degree of freedom; SS, sum of squares; MS, mean squares; VR, variance ratio.
expiration of each of the treatment durations, 4 to 6 roots were chopped off from each treated bulb, including the control. They were washed three times in tap water and fixed in Carnoy"s solution (a mixture of acetic acid and absolute alcohol) in a ratio of 1: 3. The fixed materials were stored in the refrigerator at least for 24 h. Furthermore, the roots were hydrolyzed in 0.1 N hydrochloric acid for about 7 min at 60°C. The milky portion of the root tips were subsequently squashed and stained with 2% lactopropionic orcein. The prepared slides were examined under the microscope. The good ones were sealed off with nail varnish and photomicrographs of the important stages of interest were taken. The design of the experiment was a 4x3 factorial in CRD with 3 replications each ( Table 2 shows the analysis of variance of the different mitotic stages as well as dividing cells with abnormalities. It could be observed that the number of cells at the different mitotic stages with the exception of telophase, differed among the concentrations (P<0.001). The number of dividing cells with abnormalities also differed among the concentrations (P<0.001). The durations of treatments and the interactions between concentrations and durations did not induce significant differences in the number of cells at the various mitotic stages as well as on the number of dividing cells with abnormalities. Moreover, from Table 3 , it could be observed that the treated root tips had more prophase cells than the control root tips. There appeared to be accumulation of prophase at the expense of other stages. The highest number of prophase cells was induced by 20% concentration of the water extract. However, this number was not significantly different from that of 15 and10% concentrations (P<0.05). Table 3 also revealed that the control root tips had more metaphase and anaphase cells than the treated root tips. Also, the numbers of these mitotic stages were not significantly different (P<0.05) among the root tips treated with the 3 different concentrations of the extract. The number of dividing cells with abnormalities (Table  3 ) was more in the treated root tips than in the control root tips. Twenty percent (20%) concentration of the water extract induced the greatest number of abnormal cells; however, this number was not significantly different from that of 15% concentration. Among the three different concentrations of water extract, 10% induced the least number of abnormal cells. In fact, the number of dividing cells with abnormalities increased with increase in concentration. Figure 1 No abnormal cells were, however, observed at telophase.
RESULTS

DISCUSSION
Neem extract in this study have been shown to affect the mitotic apparatus (spindle) and chromosome structure. These aberrations were termed mitoclassic and chromato -classic effects, respectively by Deysson (1968) . The observed aberrations have also been reported by Soliman (2001) , Akinboro and Bakare (2007) , Konuk et al. (2007) , Yildiz and Evrim (2008) , Saleh et al. (2009 ), Promkaew et al. (2010 and Abu and Mba (2011) . The accumulation of prophase or prophase poison reaction occurred at the expense of other phases. Similar effect was observed by Shehab (1980) after treatments of alcoholic extract of Pulicaria crispa and water extract of Teucrium pilosum on Allium cepa and he attributed it to a disturbance or breakdown of spindle apparatus. Ene-Obong (1991) reported that there is a consensus that many of the components of medicinal plants bind onto tubulin and either inhibit tubulin assembly or cause the depolymerization of already assembled microtubules. The spindle so disturbed according to him, is reduced and may eventually disappear, resulting in the blockage of cell division at prophase or even metaphase. He also speculated that there may be a possible amplification of anti-spindular effects where two or more anti-spindle compounds may be present in the same medicinal plant since different binding sites in tubulin may exist for different anti-spindle compounds. Binucleate cell formation is accepted to be due to inhibition of cytokinesis (Ateeq et al., 2002) . Iwalokun et al. (2011) reported that Majewska et al. (2003) attributed such inhibition to phlamogram inhibition at the early stage of telophase. The presence of nuclear lesions and nuclear dissolution in cells (Mercykutty and Stephen, 1980) offer cytological evidence for the inhibitory action of chemicals on DNA biosynthesis. Inhibition of DNA synthesis (Ene-Obong, 1991) could occur in two ways: 1) either directly by affecting the incorporation of precursors into DNA or 2) through an influence on the biosynthesis of DNA precursors. The inhibition results in the total failure of mitosis.
Stickiness has been interpreted to be due to several causes viz: depolymerization of DNA (Abraham and Kashy, 1979) ; DNA condensation (Osterberg et al., 1984) ; physical adhesion of chromosomal proteins (Patil and Bhat, 1992) . There is an agreement that stickiness reflects highly toxic and usually irreversible effect that probably leads to cell death (Liu et al., 1992 ; El-Ghamery Tipirdamaz et al., 2003) . According to Evandri et al. (2000) , chromosome bridges and fragments are signs of clastogenic effects resulting from chromosome and chromatid breaks. The formation of bridges has been attributed to several causes which include:
(i) Breaks that may occur in both chromatids of the same chromosome and incorrect rejoining of the sticky ends to form a sister union (Badr et al., 1992; Hall and Garcia, 2006) , (ii) Incomplete replication of chromosomes by defective or less active replication enzymes (Sinha, 1979) or through breaks that may occur late in the cell cycle (in G2) after the chromosomes have replicated (Hall and Garcia, 2006) (iii) Late replicating DNA sequences of the telomeric heterochromatin (Bennet, 1977) . Kaltsikes (1984) according to Yildiz and Evrim (2008) reported that chromosome bridges could occur if heterochromatic DNA sequences do not complete DNA replication when the nucleus is ready to divide.
According to Chandra and Khuda-Bukhsh (2004) and Klopman et al. (1985) suggested that during the metabolism of Azadirachta, electrophilic ions and radicals are produced and that these interact with the nucleophilic sites in DNA, leading to breaks and other related damage in DNA. Hall and Giaccia (2006) also noted that anaphase bridge is one of the 3 types of aberrations that are lethal to the cell, the other two being dicentric and the ring chromosomes. Bridges cause structural chromosome mutations (duplications or deletions in DNA doublestrand) (Evandri et al., 2000; El-Ghamery et al., 2000) . Star metaphase, star anaphase and tripolar anaphase were also reported by Amer (1965) and Mercykutty and Stephen (1980) and they considered it to be a fore-step of the complete disturbance of the spindle. Deyson (1968) observed that the existence of star metaphases and of monocentric or pluricentric chromosome groups in spindleless anaphases points out the part played by centers during plant cell mitosis. He noted that these attractive centers can act irregularly, the spindle fibers being absent or they can remain together in the middle of the cell and attract all the chromosomes. Metaphase cbanding were also observed by Vicentini-Dias and Takahashi (1993) and Abderrahman (1998) . Ronne (1977) explained that metaphase c-banding (that is reduction in stainability in certain regions of chromosomes), results from the inhibition of non-histone protein synthesis. The presence of precocious chromosomes is thought to be due to unequal spindle movement where some chromosome arms are pulled towards the extremity of the pole (Staykova et al., 2005; Bhatta and Sakya, 2008) . Lagging chromosomes have been a regular feature of many cytotoxicity/genotoxicity studies with medicinal plant extracts (Ozlem et al., 2008; Soliman, 2010; Sousa and Viccini, 2011) . Sousa et al. (2010) explained that such chromosomes have the potentials to form micronuclei. The presence of such nuclei according to Sousa and Viccini (2011) is a manifestation of the efforts of a main nucleus to eliminate excess DNA in an attempt to restore the normal ploidy condition. To Iwalokun et al. (2011) , micronuclei are associated with aneuploidy or polyploidy formation in the daughter cells after mitosis. However, El-Ghamery et al. (2003) was of the opinion that lagging chromosomes or fragments sometimes could dissolve in the cytoplasm and thus be lost. This type of aberration (chromosome deletion) is always lethal to humans (Hall and Garcia, 2006) . A structure-based toxicity relationship for Azadirachtin (Aza), the major active principle in A. indica had been proposed (Rosenkranz and Klopman, 1995) . They identified the presence of at least 5 copies of biophores in Aza and predicted it to be a potent carcinogen. In addition, Aza was found to also contain a furan moiety which the investigators speculated may undergo epoxidation during biotransformation. They concluded that the electronegativity of Aza was of the same order of magnitude as that for DNA-reactive molecules. All these, according to the authors, point to the fact that Aza has the features of a potential mutagen that has the capability of inducing damage in genetic material including some clastogenic changes. Fiskesjo (1995) wrote that "a positive result in Allium test system should be taken to indicate a potential biological hazard and that false negatives have been shown to rarely occur in either the Allium test or other similar plant tests". Thus the occurrence of the above variety of abnormalities in this study is an indication of the high mutagenic potentials of leaf extracts of Azadirachta indica. The above assertion is perhaps corroborated by results obtained by several investigators on the neem plant. Various test organisms have been used by these investigators to evaluate the cytotoxicity, genotoxicity and antifertility effects of the neem plant. These include A. cepa (Soliman, 2001; Akintonwa et al., 2009; Adegbite et al., 2009 ); mice (Awasthy et al., 1995 (Awasthy et al., , 1999 ; rat (Roop et al., 2005; Gbotolorun et al., 2008) ; desert locust, Schistocerca gregaria (Linton et al., 1997) ; Murine germ cell (Khan and Awasthy, 2003) and fish, Oreochromis mossambicus, (Chandra and Khuda-Bukhsh, 2004) .
These results from the plant assays and in vivo assays on rodents provide strong evidence for A, indica to be regarded as having a strong mutagenic or carcinogenic potential for man. The International Commission for 
